Mire vegetation of the Muránska planina Mts and adjacent parts of neighbouring orographical units was studied in 1998-2005 using the standard Zürich-Montpellier (Braun-Blanquet) approach. We applied the defined phytosociological species groups and national formal definitions of mire associations in data processing. Within the classes Scheuchzerio-Caricetea fuscae and Oxycocco-Sphagnetea, seven associations (Caricetum davallianae, Carici flavae-Cratoneuretum filicini, Valeriano simplicifoliae-Caricetum flavae, Caricetum goodenowii, Carici echinatae-Sphagnetum, Carici rostratae-Sphagnetum and Pino mugo-Sphagnetum) were classified using formal classification criteria. Two other communities (Sphagno warnstorfii-Caricetum davallianae and Eriophoro vaginati-Sphagnetum recurvi) were not classified due to the lack of sufficient number of diagnostic species from species groups. The first DCA axis followed the mineral richness gradient. Vegetation plots were arranged from rich fens over moderately rich fens towards poor Sphagnum fens and raised bog. This fact was confirmed by a strong and significant correlation of the DCA site scores on the first axis with the measured pH and water conductivity as a surrogate of mineral richness. The second DCA axis correlated with mean Ellenberg's indicator values for both temperature and soil nutrients. This pattern corresponds to that found in other regions of diversified Central-European landscape. We can therefore conclude that marginal geographical position and climatic specifity of the region under study did not alter gradient structure of the mire vegetation. When diversity of mire vegetation was compared to other regions in Slovakia by applying the same formal definitions to different regions, the study region was found to be conspicuously less diverse than the distribution centres of mire habitats in Slovakia (Orava and Vysoké Tatry regions), but more diverse than most of other marginal regions of mire distribution. Relatively high beta diversity of mires was probably caused by variable bedrock and local climate.
Introduction
Muránska planina Mts belongs admittedly to the most interesting mountains of the Western Carpathians namely for a high diversity of plant species and their communities. At the moment, 1480 taxa of vascular plants, 372 taxa of bryophytes and 140 plant communities are known from this area and adjacent mountains and basins Šoltés et al. 2004 ). This extraordinary diversity is mostly caused by variable geological and geomorphological conditions as well as by the position on the margin of the Inner West Carpathians, which is predominantly warmer and drier as opposed to the central parts of this mountain range. Large part of the studied area belongs to moderately cool climatic subregion with an average July temperature between 12-16 • C, which is similar to other areas of the Inner Western Carpathians. On the other hand, the southern part of Muránska planina (surroundings of the villages Tisovec and Muráň), where we collected a relatively large data set, is markedly warmer (warm and humid climatic region with average July temperature more than 16 • C). Only few kilometers apart from the southern margin of the Muránska planina Mts., a warm and moderately humid region occurs (Lapin et al. 2002) . Mean annual precipitation reaches 700-1000 mm (Faško & Šťastný 2002) , which is markedly lower than annual precipitation in the distribution centre of mire habitats in Slovakia (e.g. High Tatra Mts, the Orava region). Several phytosociological papers contain, among others, data about various mire plant communities: Háberová (1968 Háberová ( , 1971 Háberová ( , 1976a Háberová ( ,b, 1979 ; Pillerová (1969) , Fraňo (1972) ; Turčanová-Cvachová (1972) ; Miadok (1976) , Cvachová & Urbanová (1985) ; Turis (1994) ; Blanár & Šoltés (2000) ; Šoltés (2000) ; Hájek & Háberová (2001) ; Šoltés et al. (2001) ; Kochjarová et al. (2002) ; Hájková & Hájek (2004a) ; Kochjarová et al. (2005) . However, most of these papers contain only individual phytosociological relevés and/or data which are only marginally related to the territory of the Muránska planina Mts. All hitherto published data about mire vegetation were summarised by Hrivnák & Blanár (2000) and Hrivnák et al. (2004) . However, no comprehensive study about vegetation diversity, syntaxonomy and ecology of Muránska planina mires is available. Therefore, the aims of this study are to classify mire vegetation in the Muránska planina by using formal classification criteria and to interpret ecologically the main vegetation gradients of mire vegetation. The next objective of this paper is more general -to explore whether both the geographical marginality and the climatic specifity of the region is reflected in altered gradient structure of the mire vegetation and/or in lowered applicability of national formal definitions of mire associations.
Material and methods

Study area and field data sampling
The phytosociological relevés were sampled according to the Zürich-Montpellier approach, using the adapted Braun-Blanquet's scale (Barkman et al. 1964) . Data were collected in 1998-2005 in the Muránska planina Mts and its adjacent parts, Slovenské rudohorie Mts and the Hron basin. This area is approximately bordered by the line connecting the following villages and towns: Červená Skala, Bacúch, Pohronská Polhora, Tisovec, Muráň, Telgárt (Fig. 1) . Moreover, the hill Tŕstie (1121 m a.s.l.) located southeast of the Tisovec town was included. Most of the relevés have been taken from a plot sized 16-24 m 2 , which is the recommended size for the sampling of this vegetation type (cf. Chytrý & Otýpková 2003) . When total size of the spring-fen habitat was too small, plot sizes of 10-15 m 2 were used.
Water pH and conductivity were measured directly in the free spring water circumfluent the moss layer or in small holes dug in the central part of the mire. Conductivity caused by H + ions was subtracted in acidic waters with pH < 5.5 and recalculated to the standard temperature of 20 • C (Sjörs 1952) .
Data processing
All the relevés were stored using the TURBOVEG database (Hennekens & Schaminée 2001) and then exported into JUICE software (Tichý 2002) . We accepted a characterisation of each vegetation type by the formal definition using the combination of defined species groups created by the Cocktail method (see Bruelheide 2000; Kočí et al. 2003; Hájková et al. 2006; Chytrý 2007) with the statistical tendency of joint occurrences in vegetation, calculated by the phi-coefficient (Chytrý et al. 2002) . In the first step, we used the defined groups of species with the statistical tendency of joint occurrences in vegetation (called sociological species groups further in the text) and formal definitions of mire associations created based on 4117 phytosociological relevés from the West Carpathians ; see Appendix 1 and 2). Only sociological species groups with more than one half of species occurring in our study area were used. Some formal definitions were slightly modified. The authors of formal definitions ) have proposed certain simplifications of the formalised definitions if certain sociological species group is completely missing in the study region or if only data from mire vegetation are analysed. We, of course, omitted negative groups missing in our study area, but we also omitted a positive group Eriophorum latifolium in the definition of Carici flavae-Cratoneuretum as our regional data set involves only mire vegetation. Less than one half of relevés were assigned this way. Further, we assigned unclassified relevés to the associations using the Positive fidelity-Frequency index (Tichý 2005 ) and, if it failed, by the number of diagnostic species. One heavy conflict between the formal definition of the association and the character of the ex-post assigned relevé was found and this relevé was excluded from the resulting table (see Appendix 3) . Formalised classification was used as a site classification in the scatter of Detrended Correspondence Analysis. CANOCO 4.5 for Windows package (ter Braak & Šmilauer 2002) was used for DCA analysis. We used percentage species data with logarithmic transformation and rare species were downweighted.
For the ecological interpretation of major gradients, average Ellenberg's indicator values of vascular plant species (Ellenberg et al. 1992) were plotted onto a DCA ordination diagram as supplementary variables. Spearman correlation coefficients between the two measured environmental factors (pH and conductivity of water) and site scores on the first two DCA axes were used to assess species-environment interactions. STATISTICA programme was used for the calculations (Statsoft 2001) . At the same time, this relationship was evaluated by Canonical Correspondence Analysis (CCA; ter Braak & Šmilauer 2002). Only 13 relevés of all detected plant communities (except Pino mugo-Sphagnetum) with measured values of both pH and conductivity of water were used.
Comparison with other regions
In order to compare beta diversity of mires in the study region with other regions in Slovakia, we applied the same formal definitions of mire associations ) to the entire, geographically unstratified, Slovak phytosociological database (Centrálna databáza fytocenologických zápisov, http://ibot.sav.sk/cdf/) using JUICE software (Tichý 2002) . Numbers of mire plant associations were then counted for each region. Only relevés that have matched absolutely with formal definitions were considered.
Nomenclature
The nomenclature of the non-vascular and vascular plants follows Marhold & Hindák (1998) and that of plant communities follows Hájek & Háberová (2001) .
Results
Formalised classification of mire vegetation
We determined seven associations within the class Scheuchzerio-Caricetea fuscae and one association within the Oxycocco-Sphagnetea class in the Muránska planina Mts. An overwhelming majority of mire vegetation belonged to fen vegetation (99%), among which extremely rich peat-forming or tufa-forming fens (Caricion davallianae) were documented by 44 relevés, moderately rich fens (Caricion fuscae) by 32 relevés and poor Sphagnum-fens (Sphagno recurvi-Caricion canescentis) by 27 relevés (Table 1) . One relevé, which failed to be assigned to the association both by the definition and Positive fidelity-Frequency index (see Methods), was deleted from the table (Appendix 3). It showed a very close similarity to the Sphagno warnstorfii-Caricetum davallianae association (Hájek & Háberová 2001; Dítě et al. 2007 ). More typical stands of this vegetation probably occur in the Havraník mixed mire (Hájková & Hájek 2004a ), but they were not included into this study. All associations were more or less well separated in DCA (Fig. 2) . Fig. 2 shows a scatter plot of DCA based on individual relevés. The first two DCA axes explained 13.6 and 48.4 variance of species data and species-environment relation, respectively. The first DCA axis was correlated mainly with mean Ellenberg's indicator value for soil reaction (−0.9277) and moisture (0.4631). The second DCA axis correlated with the indicator values for temperature (0.5113) and soil nutrients (0.4105). Besides soil reaction, all these correlations were rather weak. Correlations between the measured environmental factors, water pH and conductivity, and the site scores on the first DCA axis were statistically highly significant (r = −0.9497 and −0.8448, respectively; p < 0.0001). Non-significant correlations (p > 0.05) were detected between the measured environmental variables and the second DCA axis. The relevés were arranged according to the mineral richness gradient (Fig. 2 ) from rich 
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R. Hrivnák et al. fens on the left side, over moderately rich fens, towards Sphagnum fens and a raised bog on the right side of the diagram. This fact is confirmed by the correlation of the first DCA axis with pH and water mineral richness (conductivity) as well as by CCA analysis (Fig. 3 ).
Discussion
Classification
An extrapolation of the existing national classification system of mire vegetation to small and climatically specific region of the Muránska planina Mts was possible. However, only half of the relevés were assigned to the associations by the formal definitions. This rate is somewhat higher than in several other studies that applied national definitions to the regional mire data sets Hájková et al. 2006; Dítě et al. 2007 ). Kuželová & Chytrý (2004) demonstrated changes in interspecific associations (i.e. sociological species groups) between national and local scale, which can be partly responsible for our result. Some mire associations, such as Sphagno warnstorfii-Caricetum davallianae or Eriophoro vaginati-Sphagnetum recurvi, occur in our study area at their range margin and therefore they do not contain sufficient number of species from sociological species groups. When no relevé was assigned to a certain association by a formalised definition, then the respective association was not used for calculating Positive fidelity-Frequency index. This pitfall could be avoided by developing an entire expert system (Noble 1987; Kočí et al. 2003) in which each unassigned relevé will be compared with a synoptic table created on the basis of the entire national database.
Comparison of species composition, ecology and diversity of mire plant communities Seven plant communities were clearly differentiated according to formal definitions (Caricetum davallianae, Carici flavae-Cratoneuretum filicini, Valeriano simplicifoliae-Caricetum flavae, Caricetum goodenowii, Carici echinatae-Sphagnetum, Carici rostratae-Sphagnetum, Pino mugo-Sphagnetum). Stands of other two communities (Sphagno warnstorfii-Caricetum davallianae and Eriophoro vaginati-Sphagnetum recurvi) were found in the study area, but they were not classified as they did not contain sufficient number of species from sociological species groups. Fourteen plant communities were already mentioned in the literature, but some of them were classified in a different way (cf. . In our study, the number of mire plant communities in the Muránska planina Mts was markedly lower than the total number of mire associations reported from Slovakia (cf. Dítě et al. 2007 ), but in many cases, equal to or higher than the number reported from other regions in the Western Carpathians (Fig. 4) .
In Slovakia, the highest number of mire plant associations was found in Orava and Vysoké Tatry regions (Fig. 4) , where mires cover huge areas and where many relic mire species occur (e.g. Díte et al. 2006) . The third position is occupied by the Spiš region with many relic calcareous fens (e.g. Jankovská 1988; Horsák et al. 2007 ). Among marginal regions of mire distribution, the highest diversity was found in Muránska planina Mts (our study area), Kysuce and Nízke Tatry regions. Muránska planina Mts thus belongs to regions with a relatively high number of mire plant communities despite its position at the margin of mire distributional centre in Slovakia. This is due to three main reasons: (i) a high diversity of geological substratum and relief (i. e. the presence of carbonate as well as crystalline bedrock), (ii) a high diversity of local climate, including big climatic differences between southern and northern part of the study area and (iii) a high floristic diversity caused by the position of the study area between Carpathian and Pannonian phytogeographical regions, which is reflected in a high vegetational diversity in general (Sillinger 1938; Suza 1950; Hendrych 1969 and others) . High diversity of bedrock chemistry seems to be a crucial feature. Its importance in forming both local and regional diversity of mire vegetation was already reported, for example, by and Tahvanainen (2004) . Two other high-diversity regions (Kysuce and Nízke Tatry, Fig. 4 ) are also characterised by a diverse chemistry of bedrock. Species composition of mire vegetation in the Muránska planina Mts is slightly different from mire vegetation occurring in the mire distributional centre in Slovakia (cf. Hájek & Háberová 2001; Díte et al. 2007 ). Our study habitats had often small area and they occurred scattered within other types of non-forest vegetation such as wet and mesic meadows. In the last years, species composition of mire vegetation has been changed due to the absence of traditional management of grassland complexes (i.e. mowing and grazing). Hence, meadow species or species growing in surrounding habitats have a higher frequency in mire vegetation in the Muránska planina Mts than in mire vegetation in the mire distributional centre, where the area of individual mires is much greater. The same pattern is obvious in other marginal regions of mire distribution (Hájková & Hájek 2004b) .
Main environmental gradient in mires
The measured values of pH and conductivity of mire water showed a strong correlation with the major vegetation gradient represented by the first DCA axis. Plant communities were arranged along the first DCA axis (richness or alkalinity-acidity gradient), from extremely rich peat-forming or tufa-forming fens (Caricion daval-lianae) to raised bog (Oxycocco-Sphagnetea). This fact was confirmed by CCA analysis, where plant communities were arranged from Caricion davallianae to Sphagno recurvi-Caricion canescentis (Fig. 3) . Within mire vegetation, this mineral richness gradient (often called poor-rich gradient) was described from various areas in Europe (e.g. Gerdol 1995; Bragazza & Gerdol 1999; Gerdol & Bragazza 2001; Tahvanainen 2004; Hájek et al. 2006; Navrátilová et al. 2006 ). In addition to water pH and conductivity, some other ecological variables (water calcium and magnesium concentrations as well as soil carbon content) showed the strongest correlation with the rich-topoor vegetation gradient within spring fen vegetation of the Western Carpathian flysch zone .
Seasonal variation in water chemistry is generally known. It could affect the results of studies about vegetation-environment relationship in the case when only one-time measured values are used (Asada 2002; Tahvanainen et al. 2003; Navrátilová & Navrátil 2005) . However, pH and conductivity of water belong to the relatively most stable measured environmental variables within spring fen water chemistry (Vitt et al. 1995; Hájek & Hekera 2004) . On the other hand, the decrease of water level causes the increase of water conductivity, whereas water pH is stable during water level fluctuation (Baumann 1996; Tahvanainen et al. 2003; Hájková et al. 2004 ). In any case, both ecological characteristics, pH and conductivity of water, are appropriate characteristics of mire vegetation explaining the main environmental gradient even if measured without repetition.
The clear correlation between the first DCA axis (major species turnover) and mean Ellenberg's indicator value for soil reaction confirmed our results from field measurements. The second DCA axis correlated with both Ellenberg's indicator values for soil nutrients (i.e. available nutrients and productivity; see Schaffers & Sykora 2002) and temperature and it did not reflect the richness gradient. This result accords well with other studies in Central Europe indicating that nutrient availability is not dependent on pH/calcium gradient (Waughmann 1980; Bragazza & Gerdol 1999 Wheeler & Proctor 2000; . We can therefore conclude that neither marginal geographical position nor climatic specificity altered gradient structure which is inherent to mire vegetation in the diversified central European landscape.
